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[57] ABSTRACT 
A lateral shift control apparatus for an endless belt 
includes a lateral shifting driver for applying to the 
endless belt a lateral shifting force in lateral directions; 
a switching device for switching direction of the lateral 
shifting force; a detector for detecting a lateral end 
position of the endless belt;'and a controller responsive 
to an output of the detector to control the switching 
device. The lateral end portion detected by the detector 
is provided with an inclined portion. 

53 Claims, 16 Drawing Sheets 
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APPARATUS FOR CONTROLLING THE LATERAL 
SHIFI‘ING OF AN ENDLESS BELT BY 

DETECTING BELT POSITION 

FIELD OF THE INVENTION AND RELATED 
ART 

The present invention relates to an apparatus for 
controlling a lateral shift of an endless belt stretched 
and rotated around rollers more particularly to an 
image ?xing apparatus using an endless belt. 
The machines using an endless belt include an image 

?xing apparatus and a photosensitive belt, but an image 
?xing apparatus will be taken in this speci?cation as a 
typical example. As for the image ?xing apparatus, 
various structures have been proposed such as heat 
roller ?xing system. 

Recently, US. Pat. Nos. 5,043,763, 4,998,12l, 
5,026,276, 5,027,160 and 5,083,168 and US. Ser. Nos. 
206,767, 435,247, 430,437, 440,380, 440,678, 444,802 
which have been assigned to the assignee of this applica 
tion have proposed an image ?xing apparatus using a 
thin ?lm endless belt, wherein the waiting period is 
reduced. 
When an endless belt is used, the belt might shift 

during its rotation along an axis of the rotation (lateral 
shift). The lateral shift is caused by the mechanical 
inaccuracy in the parallelism or twisting between two 
or more endless belt stretching members such as rollers. 
However, the improvement of the mechanical accuracy 
is limited, and therefore, it is difficult to eliminate the 
lateral shift of the endless belt by increasing the me 
chanical accuracy. 
To solve this problem it has been considered to 

forcedly restrict the lateral shift using ribs or the like. 
However, if the endless belt ?lm has a very small thick 
ness, in order to reduce the thermal capacity thereof, 
the mechanical lateral shift con?nement would result in 
creasing of the ?lm. 

Therefore, as proposed in US Pat. No. 5,027,l60 it is 
preferable to detect the lateral shift by a sensor, and the 
lateral shifting direction is deliberately changed on the 
basis of the output of the sensor, by, for example dis 
placing an axis of a tension roller, thus laterally recipro 
cating the endless belt within a predetermined range. 
However, in order to switch the lateral shifting direc 

tion of the endless belt, the lateral position of the endless 
belt has to be detected at least at two positions. There 
fore, plural position detecting sensor are required. In 
addition, if a malfunction of the lateral, shifting mecha 
nism occurs, the endless belt deviate beyond the prede 
termined range. In order to detect such an abnormal 
position, the number of position sensors will be further 
increased. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a lateral shift control apparatus for an endless 
belt wherein one position sensor is sufficient to detect 
plural positions of the endless belt. 

It is another object of the present invention to pro 
vide a lateral shift control apparatus for an endless belt 
wherein one position sensor is effective to detect a posi 
tion where the endless belt reverses, and an abnormal 
position. 

It is a further object of the present invention to pro 
vide a lateral shift control apparatus for an endless belt 

20 

25 

35 

50 

55 

60 

65 

2 
having an inclined portion at one lateral end of the 
endless belt. 

It is a further object of the present invention to pro 
vide an image ?xing apparatus using a ?xing ?lm in the 
form of an endless belt, wherein the endless belt is not 
damaged. 
These and other objects, features and advantages of 

the present invention will become more apparent upon 
a consideration of the following description of the pre 
ferred embodiments of the present invention taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial top plan view of an image ?xing 
apparatus using a lateral shift control for an endless belt, 
according to an embodiment of the present invention. 
FIG. 2 is a side view of the apparatus of FIG. 1 em 

bodiment. 
FIG. 3 is a sectional view of an image forming appa 

ratus using an image ?xing apparatus shown in FIGS. 1 
and 2. 
FIG. 4 is an external view of an endless ?lm. 
FIG. 5 shows a positional relation between a ?lm 

sensor and a ?lm position. 
FIG. 6 is a graph showing a relation between a ?lm 

position and a ?lm sensor output. 
FIG. 7 schematically shows the electric control ac 

cording to an embodiment of the present invention. 
FIGS. 8, 9, 10 and 11 are flow charts illustrating 

lateral shift control according to the embodiment of the 
present invention. 
FIG. 12 and 13 are flow charts of a lateral shift con 

trol according to a further embodiment. 
FIG. 14 shows an electric control according to a 

further embodiment. 
FIG. 15, comprising FIGS. 15A and 15B, is a flow 

chart of a lateral shift control according to the embodi 
ment. 
FIG. 16 is a top plan view of an image ?xing appara 

tus according to a further embodiment of the present 
invention. 
FIGS. 17A and 17B are top plan view of an image 

?xing ?lm. 
FIG. 18 is a flow chart according to a further embodi 

ment of the present invention. 
FIGS. 19 and 20 are top plan views of another exam 

ple of the ?xing ?lm. 
FIG. 21 is a partial enlarged view of a further em 

bodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will be de 
scribed in conjunction with the accompanying draw 
mgs 

Referring to FIG. 1, there is shown an image ?xing 
apparatus using an endless ?lm provided with a lateral 
control system according to an embodiment of the pres 
ent invention. FIG. 2 is a side view of the apparatus, and 
FIG. 3 is a sectional view of an image forming appara 
tus incorporating the ?xing apparatus of FIG. 1. 

Referring to ?rst FIG. 3, a description will be pro 
vided as to an image forming apparatus of an electro 
photographic type. The image forming apparatus com 
prises a reciprocable original supporting platen 52 in a 
top plate 51 of the casing 50. The original supporting 
platen is reciprocated through an unshown driving 
mechanism. An original 53 to be copied is placed down 
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on the top surface of the original supporting plate 52, 
and is set thereon by an original covering plate 54. 
The surface of the original 53 facing downward is 

illuminated through a slit by an illumination system 55 
in a forward 0 backward stroke of the original support 
ing platen 52. Designated by a reference numeral 56 is in 
illuminating light source. 
The light re?ected by the original is sequentially 

imaged on a surface of a photosensitive drum 58 
through an imaging lens (short focus imaging element 
array) 57, the photosensitive drum rotating in synchro 
nism with the scanning of the original image. 
The photosensitive drum 58 is uniformly charged tc a 7 

positive or negative polarity by a discharger 59, and 
then is exposed to the image light, so that an electro 
static latent image is sequentially formed on the periph 
eral surface of the drum in accordance with the original 
image. 
The surface of the photosensitive drum 58 now hav 

ing the latent image is developed by a developing de 
vice 60 with powdery toner. ' 
The developed image on the photosensitive?rum 58 

reaches the position of the transfer discharger 61 with 
continued rotation of the drum. 
On the other hand, a recording material P is fed from 

a recording material cassette 62 into the copying ma 
chine by a pick-up roller 63, and is stopped by a nip 
formed between registration rollers 64 which are at this 
time not rotating. At a predetermined time in synchro 
nism with rotation of the photosensitive drum 58, the 
registration rollers 64 start to rotate, by which the re 
cording material P is fed toward the photosensitive 
drum 58 along the guiding members. It is introduced 
into the image transfer position between the photosensi 
tive drum 58 and the transfer discharger 61, by which 
the developed image on the photosensitive drum 58 is 
sequentially transferred onto the recording material P. 
The recording material P now having the transferred 

image is separated from the surface of the photosensi 
tive drum 58 by an unshown separating means and is 
then introduced by a conveying system 65 into an image 
?xing apparatus 1 where it is subjected to an image 
?xing operation. Finally, it is discharged onto an out 
side discharge tray 67 by discharging roller 66. 
The surface of the photosensitive drum 58 after the 

image transfer is cleaned by a cleaning device 68. 
The image forming apparatus is openable into top and 

bottom units with the boundary which is substantially 
the same as the recording material conveying path, and 
when the apparatus is opened or when a jam occurs, a 
main switch is opened. If the apparatus is closed after 
the maintenance or jam clearance operation, the main 
switch is closed. 
A description will now be provided as to the ?xing 

apparatus 1. In FIGS. 1 and 2, an endless ?lm driving 
roller 13 and a follower roller 12 functioning also as a 
tension roller are extended parallel to each other. An 
endless ?lm 11 is stretched around the rollers 13 and 12. 
The driving roller 13 is driven by a driving system 
including a driving motor 27 in a clockwise direction 
indicated by an arrow, by which the endless ?lm 11 is 
rotated in the clockwise direction at a predetermined 
peripheral speed. 
The ?lm 11 has a total thickness of 100 microns, 

preferably not less than 40 microns and has heat durabil 
ity. It comprises, in this embodiment, a base ?lm having 
a thickness of approximately 20 microns and made of PI 
(polyimide), PEI (polyether imide), PES (polyether 

4 
sul?de), PFA (per?uoroalkoxy) or the like and a part 
ing layer of PTFE (polytetrafluoroethylene) at an 

. image contacting side, the parting layer having a thick 
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ness of approximately 10 microns. 
A heater 14 is ?xed on a frame of the image ?xing 

apparatus in contact with an inside of a bottom travel of . 
the endless ?lm 11. The heater 14 is elongated or linear 
extended in a direction crossing a direction of move 
ment of the ?lm 11. The heater is supplied with electric 
power to generate heat. 
A pressing roller 15 has a rubber elastic layer made of 

silicone rubber or the like having a good parting prop 
erty. The pressing roller 15 is urged to the bottom travel 
of the endless ?lm 11 toward the heater 14 by an un 
shown urging means with a total pressure of 4-5 kg. 
The pressing roller rotates together with the movement 
of the ?lm and at the same peripheral speed as the ?lm 
in the same direction. 
A recording material P carrying an un?xed toner 

image t (heat-fusible toner image) is carried from the 
transfer position 61 (FIG. 3) to the ?xing apparatus 1 by 
conveying means 65. The recording material P is intro 
duced into the nip (?xing nip) formed between the end 
less ?lm 11 and the pressing roller. Then, it is moved in 
close contact with the ?xing ?lm 11 surface which 
moves at the same speed as the recording material P 
During the passage through the nip, the toner image on 
the recording material P is heated by the heat from the 
heater 14 through the ?lm, by which at least the surface I 
region of the toner image t is completely softened and 
fused to, as to be heat-?xed on the recording material P 
surface. The recording material P having passed 
through the ?xing nip N is then separated from the 
surface of the ?lm 11 by the curvature of the ?lm along 
the roller 13, when the recording sheet passes by the 
?lm driving roller 13. 
A description will be provided as to the lateral shift 

control mechanism for the endless ?lm. As shown in 
FIG. 1, the driving rollers 13 and the follower rollers 12 
are supported by bearings in a front plate 19 and a rear 
plate 18 of the ?xing apparatus 1. Designated by refer 
ence numerals 21 and 20 are bearings in the front and 
rear plates, respectively, of the follower roller 12. 
When the driving roller 13 is driven to move the ?lm 

11 in the direction indicated by an arrow, the ?lm later 
ally moves toward right or left from the initial position 
of the ?lm 11 indicated by the solid lines in FIG. 1, to 
such an extent that a lateral end of the ?lm is rubbed 
with the front or rear plate 18 or 19. The lateral shifting 
is attributable to the positional errors of the rollers 13 
and 12 and the heater 14in X, Y and Z axis directions. 
The lateral shifting is produced as long as the parallel 
ism errors among the driving roller 13, the follower 
roller 12, the heater 14 and the pressing roller 15 in the 
X, Y and Z directions are not equal to zero. 

In this embodiment, the bearing 20 of the follower 
roller 12 at the rear side is movable in the front-rear 
direction as indicated by arrows A and B relative to the 
plate 18. It is normally urged by a compression spring 
22 in the direction A and is stopped by an unshown 
stopper at a ?rst position. It is connected with a plunger 
of a solenoid 23 so that upon energization of the sole 
noid, the bearing 20 is moved in the direction B against 
the spring force of the compression spring 22 to be 
moved to the second position indicated by chain lines. 

In this manner, by the energization and deenergiza 
tion of the solenoid, the parallelism of the follower 
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roller 12 is changed relative t the driving roller 13 and 
the heater 14. 

In this embodiment, when the bearing 20 is at the ?rst 
position (solenoid 23 is not energized), the ?lm 11 tends 
to shift toward left in the ?lm width direction when it 
travels around the members 13, 12 and 14, in other 
words, toward the rear side of the rollers 13 and 12. On 
the other hand, when the solenoid 23 is actuated so that 
the bearing 20 is at the second position indicated by 
chain lines, the ?lm 11 tends to shift rightwardly, that is, 
toward the front side of the rollers 13 and 12. 
A photosensor 16 detects the lateral shift of the ?lm. 

As shown in FIG. 1, adjacent a front side lateral end of 
the film 11, a mask is provided around the circumfer 
ence of the ?lm to block the light of the photosensor 16, 
as indicated by hatching line. 

In this embodiment, the photosensor 16 is of a pho 
tointerruptor type. If the photosensor 16 is of a reflec 
tion type, the end of the ?lm 11 may be provided with 
reflection material. 

In this embodiment, the masking is provided only at 
one lateral side of the ?lm 11, but it may be formed over 
the entire ?lm. 
A cleaning member 4 cleans the lateral end portion of 

the ?lm. If the end portion of the ?lm is contaminated, 
there can be erroneous reading of the ?lm position if the 
re?ection type sensor is used, for example. To avoid 
this, the lateral end portion of the ?lm is always cleaned. 
In this embodiment, the cleaning member is of felt, but 
it may be made of another material if it has a cleaning 
effect. 
FIG. 4 shows an outer con?guration of the ?lm. As 

described hereinbefore, it is of an endless belt, and the 
diameter is qbM. As shown in the ?gure, the ?lm 11 is 
cut inclinedly at a lateral end (front side end). The maxi 
mum longitudinal length is Lmax and the minimum 
length is Lmin. Then, the inclined cut 3 of the ?lm 11 
has a dimension of Lmax-Lmin=AL (inclined cut). 
The inclined cut, as shown in FIG. 1, is disposed at the 
front side of the ?xing apparatus to detect the position 
of the ?lm 11 by the photosensor 16. 
FIG. 5 shows in detail the positional relation between 

the photosensor 16 and the ?lm 11. In this embodiment, 
the photosensor 16 is a transparent type, and the detect 
ing position is indicated by a reference b. Then, if the 
position of the ?lm 11 is rear beyond the position b, the 
photosensor 16 is actuated, and if it is at the front side 
beyond the position b, the photosensor 16 is not actu 
ated. The inclined cut portion of the ?lm 11 is at the 
detecting position b. 
By such an arrangement, when the ?lm 11 moves in 

the direction indicated by an arrow a shown in FIG. 1, 
the photosensor 16 repeats on and off. In addition, de 
pending on the lateral shift amount of the ?lm, the ratio 
of on-duration and off-duration (duty ratio) changes. 

In FIG. 5, the ?lm is shown as being positioned such 
that the center of the inclined cut of the ?lm 11 is at the 
detecting position b of the photosensor (reference posi 
tion). 
FIG. 6 is a graph showing a relation between the ?lm 

position and the off-duration of the photosensor 16 
relative to the reference position. As will be understood 
from FIG. 6, when the ?lm 11 is at the reference posi 
tion b, the off-duration of the photosensor 16 is 0 sec. 
When the ?lm 11 is deviated to the front beyond the 
reference position B by not less than AL/ 2, the off dura 
tion of the photosensor 16 is'O sec. 

O 
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6 
On the contrary, when the ?lm 11 is laterally devi 

ated toward the rear from the reference position by not 
less than AL/Z, the photosensor 16 continues to be off. 

Immediately before the ?lm 11 is deviated to such an 
extent that the photosensor 16 continues to be off, the 
off-duration is d see. This is considered as being equiva 
lent to the time period required for the ?lm 11 to rotate 
through one full-tum. The off-duration 0 sec. is approxi 
mately one half the off-duration d see. because it corre 
sponds to the center of the inclined ?lm cut. 
With this arrangement, when the continuous off 

duration of the photosensor 16 becomes longer than 
(§)d see. which is shorter than d see. and longer than 
d/2 sec., the solenoid 23 is started. On the other hand, 
when it becomes (Dd which is shorter than d/2 sec., the 
solenoid 23 is deenergized. The energization and the 
deenergization are repeated during the ?lm drive opera 
tion. 

Accordingly, the endless ?lm reciprocates within, a 
predetermined range and does not laterally shift beyond 
the range. 
FIG. 7 shows the lateral shift control system. A mi 

crocomputer 26 has an input terminal IN] to which the 
photosensor 16 is connected, and an output terminal 
OUTl to which the solenoid 23 is connected. It also 
comprises an output terminal OUTZ from which a rota 
tion control signal for the motor 27 for driving the 
?xing apparatus is produced. 
To a VDD terminal, a +5 V voltage source is con 

nected, and a GND terminal is electrically grounded. 
Although not shown, it is also provided with termi 

nals for receiving and producing signals to and from the 
copying machine using the ?xing apparatus. The mi 
crocomputer 26 comprises ROM and RAM having a 
copying sequential operation program or the like and a 
non-volatile memory RAM which does not lose the 
contents of its memory even if the power supply to the 
microcomputer 26 is shut off due to the deactuation of 
the main switch of the apparatus, or due to the deactua 
tion of the main switch by the opening of the apparatus 
as described hereinbefore. 
FIGS. 8-11 are flow charts of the programmed ?lm 

lateral shift control operations in the ?xing apparatus of 
this embodiment. This program is also contained in the 
ROM of the microcomputer 26 this program is accessed 
by the main sequence program at regular intervals or as 
desired. After a start, the discrimination is made as to 
whether or not the motor 27 is actuated, at step 1 (FIG. 
8). If so, step 2 is executed. If not, the operation returns 
to step 1 and waits for actuation of the motor 27. 
At step 2, a discrimination is made as to whether the 

?lm lateral shift control has been effected toward the 
front side or not. In this embodiment, the memory in a 
predetermined address of the non-volatile RAM in the 
microcomputer 26 is set to the front side flag. The 
above discrimination is made using this, that is, if the 
memory is 1 which indicates that the past control is 
toward the front side, a step S3 is executed where the 
solenoid 23 is actuated, and the lateral shift is set to the 
front side. Then, the step 4 is executed. If, at step 2, the 
front side flag is zero, which indicates that the past 
control is toward the rear side, the step 4 is executed. At 
step 4, a discrimination is made as to whether or not the 
sensor is actuated. If the sensor 16 is actuated, step 8 is 
executed. If it is not actuated, step 5 is executed. At step 
5, an error timer is reset to zero, and starts measure 
ment, and thereafter, step S6 is executed. 


















